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Cholesterol determination has been hampered by the lack of suitable means to prepare lyophilized serum control materials with an appropriate range of Values. We prepared a water-soluble cholesterol derivative by first esterifying cholesterol with adipic acid and then reacting the cholesterol hemiadipate with Polyethylene Glycol 600 to form polyethoxyethanyl-cholesteryl adipate. The compound reacts quantitatively in several commonly used methods, including enzymic, extraction, and direct-assay procedures.
When the additive is directly mixed with human serum that has been depleted of beta-and prebeta-lipoproteins, an optically clear solution results for which cholesterol values are stable. The clarity is retained upon lyophilization and reconstitution. Addition of this cholesterol compound to partially delipidized serum appeared to have no significant effect on results of assay of 18 other commonly measured serum constituents.
Use of lyophilized, human-serum based materials as standards and quality control samples has become routine in the clinical laboratory.
After reconstitution these materials are often quite turbid, owing to the presence of insolubilized betaand pre-beta-lipoproteins.
This turbidity can interfere in certain analytical procedures
Recently, we reported a technique for the rapid, low-cost, specific removal of beta-and pre-beta-lipoproteins from human serum (3). After lyophilization this serum, which was free of interference in the analysis of the commonly measured constituents, was easily reconstituted and was optically clear. 
Materials and Methods
For thin-layer chromatography we used silica gel plates, with acetone as the developing solvent. The components were made visible by spraying the plate with the cholesterol-detection reagent of Parekh and Jung (6). 
Discussion
The water-soluble compound reacts quantitatively in 5ev- Synthesis of PCA-600
Add a solution of 11.6 g (0.03 mol) of cholesterol (Fisher CertifiedGrade; Fisher Chemical Co., Fair Lawn, N.J. 07410) and 4 g (0.04 mol) of triethylamine in 100 ml of dry toluene, with a flow rate of 3 ml/min and under anhydrous conditions, to 7.6 g (0.04 mol) of adipoyl chloride in 100 ml of dry toluene at 12 #{176}C, with stirring. After 1.5 h, remove the resulting tnethylamine hydrochloride by filtration and add the reaction mixture at the rate of 6 ml/min to 36 g (0.06 mol) of Polyethylene Glycol 600 (Fisher) and 6 g (0.06 mol) of triethylamine in 100 ml of dry toluene at 12 #{176}C. After 1.5 h extract the reaction mixture four times with a half volume of 80% saturated NaCI solution. Remove the toluene by evaporation under reduced pressure. Add 150 ml of methanol to the light-brown, waxy material. Filter off the insoluble matter. Extract the clear, light brown solution twice with an equal volume of petroleum ether (bp 30-60 #{176}C). Remove the methanol by evaporation under reduced pressure.
Results

Analysis of PCA-600
The procedure typically produced 10.5 g of light-tan, viscous liquid, freely soluble in water or serum to the extent of PCA-600 consists of a series of cholesterol-containing compounds, including some unreacted cholesterol (Figure 1 ).
Preparation of Human Serum-Based Cholesterol Control Materials
A pool of human serum was treated (3) to remove lyophilization-sensitive beta-and pre-beta-lipoproteins, then divided into two portions and PCA-600 added to one. The two portions were then separately divided and lyophilized. The PCA-600-containing serum was reconstituted in 25 mmol/liter sodium bicarbonate. The other serum samples were reconstituted with either 25 mmol/liter sodium bicarbonate or a diluent solution containing PCA-600 and 25 mmol/liter sodium bicarbonate. Kept sterile, the PCA-600 diluent is stable for at least a year at 5 #{176}C. Reconstitution of the sera is generally complete in 10-15 mm.
The three groups of samples were then analyzed for cholesterol by several (5-9) methods (Table 1) . The enzymic cholesterol determinations
were performed with reagent kits from Calbiochem,
Calif. 91030 (5), and Bio-Dynamics/bmc, Indianapolis, Ind. 46250 (7). Other specimens from the three groups were analyzed with Technicon SMA 12-60 and Technicon SMA 6-60 continuous-flow analyzers (9). There were no significant analytical differences that would not be attributed to the usual instrument variation between the base serum and the two PCA-600 augmented sera in values found for glucose, urea nitrogen, C02, C1, K, Na, aspartate aminotransferase (EC 2.6.1.1.), creatine kinase (EC 2.7.3.2.), lactate dehydrogenase (EC 1.1.27), alkaline phosphatase (EC 3.1.3.1), "direct" bilirubin, total biirubin, creatinine, uric acid, calcium, albumin, or total protein.
In Table 2 we compare the optical clarity of the PCA-600 augmented sera to that of various commercial sera as measured by the absorbance at 710 nm.
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